This proposed method reduces the peak-to-average power ratio (PAPR) of multi-carrier transmission, by exploiting null subcarriers, already mandated in most OFDM wireless standards. This new approach requires no channel side information, can be compatible with existing standards, imposes no rate hit, is distortionless, has low computational complexity, and can complement most other PAPR-reduction methods (such as active constellation extension, partial transmit sequences, selective mapping, tone injection, tone reservation).
Introduction: Need for PAPR-reduction in OFDM: One major drawback of multi-carrier signalling (such as OFDM or OFDMA) is the occasionally high instantaneous peak-to-average power ratio (PAPR). When the OFDM signal's super-positioned sinusoidal subcarriers happen to be in-phase at the input of the transmitter's inverse fast Fourier transform (IFFT) operator, these sinusoids would add constructively, producing a high magnitude at the IFFT operator output. For any such peak lying in the power-amplifier's saturation region, the corresponding output signal would be nonlinearly distorted, spreading the OFDM signal's spectrum, causing in-band distortion and intermodulation interference across the OFDM subcarriers. All these would degrade the bit error rate (BER) at the receiver.
Null subcarriers in OFDM: Inherent in many multi-carrier standards are null subcarriers (also known as virtual/unused/unmodulated subcarriers), where no energy is transmitted. For example, the IEEE 802.11a standard mandates 48 data-subcarriers plus 12 null subcarriers:
(i) six null subcarriers to serve as guard-band at the low-frequency edge of the spectral band of the subcarriers, (ii) five null subcarriers to serve as guard-band at the high-frequency edge, and (iii) one mid-band null subcarrier (indexed 0) to avoid direct-current (DC) energy.
Proposed method's underlying philosophy: This proposed scheme switches one or more null-carriers with to-be-identified data-subcarrier(s). This changes the input to the IFFT operator, and thus the IFFT operator's output and its PAPR.
The guard-bands of many multi-carrier standards (e.g. IEEE 802.11a's) have null-subcarriers in the transition-band of the transmit spectrum mask (i.e. the bandpass filter matched to the desired user's data-subcarriers). Hence, such a null-subcarrier frequency (now switched to carry data) can pass a good portion of any energy therein onto the receiver.
For the above switching, the transmitter is to search for the data-subcarrier that (when switched with a null-subcarrier) would achieve the greatest PAPR-reduction.
Advantage of proposed scheme: This proposed scheme requires no channel side information (CSI) from the transmitter to the receiver, unlike some other PAPR-reduction approaches, such as selective mapping (SLM) and partial transmit sequences (PTS). Such channel side information would reduce the data-rate, and could significantly increase the bit error rate (if the channel side information is corrupted in transmission). This scheme does not distort the transmitted signal, unlike clipping. It also imposes no 'rate hit', as the constellation remains unchanged at each data-subcarrier, unlike any coding-based PAPR-reduction method. The scheme is versatile, as it may be used simultaneously with any constellation-modifying PAPR-reduction scheme, such as active constellation extension, constellation shaping, partial transmit sequences (PTS), selective mapping (SLM), tone injection, trellis shaping. The proposed scheme is not a degenerate case of any constellation-modifying PAPR-reduction scheme, because the proposed scheme does not affect the constellation at the data-subcarriers. The proposed scheme may be used simultaneously with other PAPR-reduction methods that enlarge/contract/alter the group of data-subcarriers, such as tone reservation (also known as peak-reduction carrier). 
N}, taken from any phase-modulated and/or amplitude-modulated constellation.
Let T be the modulation interval and LT be the duration of the OFDM symbol (excluding the guard interval). The discrete-time OFDM-signal equals
where K represents the oversampling factor, which is recommended to be 4 by [2] but to be 8 by [1] . Assumed above is an idealised rectangular time-domain window. Any subsequent cyclic-prefix extension of x(t) would not alter the peak-amplitude.
The PAPR is defined as s
x denotes the signal power.
Proposed algorithm: Without modifying L or N specified in a given OFDM standard, the proposed method switches P number of null sub-
, then fg p , fg p+1 . The proposed scheme is to identify the
that minimises the peak-to-average power ratio (PAPR) z, of the discrete-time OFDM signal x k . With L, N, P specified,
number of different 'switching' possibilities, for each of which the transmitter is to evaluate the corresponding PAPR z. To be chosen will be the one 'switching' possibility that offers the least PAPR z.
The above constraint (i.e. if f˜h
, then fg p , fg p+1 ) allows no channel side information be transmitted, because: (i) the receiver has a priori knowledge of D; (ii) the received data allow the identification of {h p , p ¼ 1, · · · , P} on account of their low power-levels; and (iii) the permutation of the P switched data-subcarriers remains unchanged after the switching. Hence, the receiver can 'un-switch' correctly, even with no channel side information. Simulations: The IEEE 802.11a standard is used here as an example, even though the proposed scheme could be used with any multicarrier system with null subcarriers. To minimise any degradation to the guard-band, one 'innermost' null subcarrier (indexed as # + 27 in the IEEE 802.11a standard, giving P ¼ 2) is used at either side of the data-subcarrier bands, with L 2 N ¼ 48.
A memoryless nonlinear power amplifier is used. It has a 'soft limiter' input-output relationship: for a complex-value input y, the output equals L(|y|)e j/y , where (see Section 2.4 on p. 13 of [3] ):
The 'clipping ratio' is defined as g = A Pin √ (see equation (2.16) in [3] ), where P in denotes the average power of the input signal. g ¼ 1.776 dB. Fig. 1 shows the proposed scheme's PAPR-reductio efficacy. Fig. 2 shows that the proposed scheme can improve the BER, despite needing no CSI. Conclusion: To reduce the PAPR for multi-carrier signals, proposed is a CSI-free pre-processing algorithm, which can be compatible with most existing OFDM standards, and which can complement many other PAPR-reduction algorithms.
